The glossopharyngeal nerve may carry afferent fibres which provide pathways for the laryngeal reflex. Evidence is presented which suggests that volatile anaesthetics may stimulate effects at the carotid bodies, which are innervated by the sinus nerves (branchEs of the glossopharyngeal nerve). Experiments were carried out on cats in which the effects of intravenous injections of solutions of ether and hydrogen cyanide were compared.
INTRODUCTION
Murtagh and Campbell (1954) included the glossopharyngeal nerves among possible afferent pathways for the laryngeal reflex. The sinus nerves from the oarotid bodies are branches of the glossopharyngeal nerves. In this paper experiments are described in which an attempt was made to determine whether the sinus nerve pathway is involved as well as that recognized in the vagus nerves. There are considerable variations in latencies, and biphasic effects have been observed when ether is administered to the distal trachea and lungs. This may be due to stimulation not only at the tracheal and pulmonary mucosa, but also at some other site or sites after absorption to the bloodstream. When both vagus nerves are cut at the level of the first tracheal ring, for example, laryngospasm and changes in respiratory rhythm are not stimulated by inhalation of ether in most experiments, but there are occasional exceptions. Moreover, the latency between the start of ether administration by tracheal cannula and the onset of increased activity in the cricothyroid muscle was found to range from 0·4 to 10·0 sec (Rex 1970b Heymans and Heymans (1927) , cited by Lovatt Evans (1949a) , showed that alterations in the composition of the blood in the aorta could cause reflex changes in respiration. They suggested that the reflexes arose from stimulation of the aortic body, and that the afferent pathways were in the vagus nerves. More recently Gabel (1961) has described the occurrence of laryngospasm in a horse in which general anaesthesia was being maintained by the infusion of a 5% ether solution. In the experiments reported here laryngospasm and apnoea could be stimulated in the cat by the intravenous injection of a 5% solution of ether in saline, the injections being made through an indwelling polyethylene cannula in the femoral vein.
Lovatt Evans (1949b) recorded experiments in which he showed that a small dose of sodium cyanide, injected into a peripheral vein, could be used to measure the circulation time from that vein to the carotid body. When the cyanide reached the carotid body it stimulated hyperpnoea; after cutting the sinus nerves (afferents from the carotid body) and vagus nerves, the latent period increased. He concluded that this delayed augmentation of breathing was probably due to the action of carbon dioxide at the medulla.
In the work reported here, a comparison of the effects of injecting solutions of ether and hydrogen cyanide was carried out to determine whether or not the carotid bodies are involved in the laryngeal reflex.
METHODS
The preparations used were cats anaesthetized with chloralose (65 mg per kg) or decerebrate cats. Techniques of electromyography (Rex 1970a) were used to record the activity of the intrinsic laryngeal muscles and the diaphragm. Intravenous injections were made through an indwelling polyethylene cannula in the femoral vein.
RESULTS

(a) The Effects of the Intravenous Injection of
Ether Solutions and Saline into the Femoral Vein Continuous cricothyroid activity and apnoea was stimulated by the intravenous injection of a 5% solution of ether in saline (Figure 1 Having demonstrated that intravenous injections cf solutions of ether will stimulate laryngospasm and apnoea, an attempt was made to determine where the receptors were located. By cutting various afferent nerves and observing any changes in the effects of injecting the solutions, the nerve pathways involved could bE determined. It was decided to compare the effects of irLjecting 5% ether with those stimulated by injection of hydrogen cyanide solution.
(b) A Comparison of the Effects of the Intravenous
Injection of Solutions of Ether and Hydrogen Cyanide All 20 cats used in these experiments exhbited increased cricothyroid activity and apnoea or changes in respiratory rhythm when they inhaled ether by mask or tracheal cannula. They could therefore be regarded as preparations which displayed normal laryngeal reflex activity (Rex 1970a) .
The results obtained in the two experiments which are described in detail are representative of the complete s~ries.
(i) The cat was anaesthetized with chloralose (65 mg per kg) after induction with halothane. Ether vapour administered into a tracheal cannula stimulated continuous cricothyroid activity and a break in the rhythm of the diaphragm. Five millilitres of a 5% ether solution failed to stimulate increased cricothyroid activity but caused breath-holding for one inspiratory cycle. One millilitre (40 mg) HCN administered intravenously stimulated an increase in frequency of diaphragm activity and in the number of units involved. The latency was 4·4 sec after completion of the injection and the increase in activity was of the type associatEd with carotid body stimulation. The internal branches of the superior laryngeal nerves and both vagus nerves were then cut. Trace 2: Effects of intravenous injection of 5 ml 0·9% saline. Nerves cut as in Trace 1. There is no change in the activity of the cricothyroid muscle or the diaphragm. Trace 3: Effects of intravenous injection of 5 ml 5% ether solution after an attempt to cut both sinus nerves. There is a slight increase in cricothyroid activity and an increase in acti,"ity of the diaphragm 4·5 sec after the start of injection. Trace 4-: EffC'cts of intravenous injection of 1 ml 4% HeN solution after an attempt to cut both sinus nerves. The effects are simil;tr to those in Trace 3 and they occur 4 sec after the start of injection.
Anaesthesia and Intensive Care, Vol. I, No. 1, August, 1972 Ether vapour administered into the tracheal cannula now stimulated neither apnoea nor cricothyroid activity. Five millilitres of a 5% ether solution given intravenously stimulated no cricothyroid activity and no apnoea, but did stimulate an increase in frequency and number of diaphragmatic motor units 3·0 sec after the start of the injection (Figure 2 , Tlace ]) (the same time interval which had occurred between inspirations before the injection). Five millilitres of saline intravenously 5 min later stimulated no changes in respiration or cricothyroid activity (Figure 2 . Trace 2). Ten minutes later 1 ml (40 mg) of HCN given intravenously and washed in with 1 ml of saline stimulated an increase in activity of the diaphragm 2~3 sec after the saline wash-in.
An attempt was made to cut the sinus nerves (afferents from the carotid bodies to the glossopharyngeal nerves) on both sides. Five millilitres of 5% ether administered intravenously still stimulated diaphragmatic activity 4·5 sec after the start of injection (Figure 2 , Trace 3). No apnoea was stimulated but there was a very slight increase in cricothyroid activity at the same time as the diaphragm was stimulated. Ten seconds after the injection there was a sudden increase in frequency and number of active units in the cricothyroid muscle, the start of which can be seen at the end of Trace 3. Figure 2 , Trace 4, shows stimulation of diaphragmatic activity 4 sec after injection of 40 mg of HCN intravenously. This indicates that all the afferent nerves from the carotid bodies had not been cut.
(ii) This cat was decerebrated by intercollicular section under halothane anaesthesia. Ether vapour administered through a tracheal cannula stimulated continuous cricothyroid activity and apnoea. In this experiment all injections were of 20 ml of solution, whereas in some experiments Ether and HCN were given in different volumes of solution. Twenty millilitres of a 5% ether solution given intravenously stimulated apnoea and a very slight increase in cricothyroid activity before the end of the injection (Figure 3 , Trace 1). This was followed 9 sec later by a more violent cricothyroid response (Figure 3 , Trace 2) as the diaphragm activity started again with a period of apneusis (continuous diaphragmatic activity). Twenty millilitres of 0 '9% saline given intravenously stimulated no response. Twenty millilitJes (40 mg) of HCN given intravenously stimulated an increase in frequency and number of units active in the diaphragm which was synchronous with Trace 1: Effects of intravenous injection of 20 ml 5% ether solution after section of the internal branches of both superior la,ryngeal nerves. There is a period of apnoea for 4 sec at the end of the injection, which was followed by a simultaneous increase in sustained cricothyroid and diaphragm activity. Trace 2: Effects of intravenous injection of 20 ml 0·2% HCN solution. Nerves cut as in Trace 1. No apnoea was stimulated, but there was a marked increase in diaphragmatic activity after 4 sec, which was accompanied by very slight cricothyroid activity.
Anaesthesia and Intensive Care, Vol. I, No. 1, August, 1972 c stimulation of a discharge from the cricothyroid. Botb these effects were recorded 3 sec after the end of injection. Rhythmic cricothyroid activitv persisted in phase with inspiration, gradually diminishing over a period of 18 sec. The internal branches of the superior laryngeal nerves were then cut on both sides. Ether vapour, administered to the trachea and lungs, still stimulated apnoea and a cricothyroid discharge. The pattern of response to injection of 20 ml of a 5/~ solution of ether changed. There was apnoea for 4 sec at the end of injection. After this there was a simultaneous increase in cricothyroid frequency and units and in diaphragmatic activity (Figure 4 , Trace 1). Twenty millilitres (40 mg) of HCI\ glv~n intravenouslv stimulated an increase III frequency of diaphragm discharge 4 sec after the end of the injection (Figure 4 , Trace 2).
Both vagus nerves were then cut. Figure 5 , Trace 1, shows the pattern of activity of the cricothyroid muscle and diaphragm after the vagus nerves were cut. Note that cricothyroid activity is synchronous with inspiratory activity of the diaphragm. Ether administered by tracheal cannula did not stimulate apnoea.
Five seconds after the start et ether administration there was a small response from the cricothyroid. Twenty-one seconds after ether administration started, continuous diaphragmatic activity was stimulated for 11 sec and no activitv was recorded from the cricothyroid. Twenty millilitres of 5% ether given intravenously stimulated no apnoea. A cough and increased cricoth vroid activit\" were stimulated 0·2 sec after the end of tIlE' Injection and the cricothvroid activitv continued for 6 sec ( Figure 5 , "Trace 2), tllcn for a further 3 sec after a 1 sec break in activity. Continuous diaphragmatic activity started 7 sec after the end of the injection and lasted 11 sec, being followed by a period in which there were 1 sec gaps of lessened activity. Twenty millilitres (40 mg) of HCN given intravenously stimulated an increase in frequency and in the number of active diaphragm units 2·5 sec after the end of tbe injection, which was accompanied by an increase in cricothyroid activit~· (Figure 5 , Trace 3).
The sinus nerves were then cut on botb sides. Twenty millilitres of 5% ether intra\"Cnously stimulated an increase in frequency of the cricothyroid muscle 0·2 sec after the end of the injection. This increase in frequencv was maintained for 7 sec. One period of diaphragmatic inspiratory activity was missed ( Figure 5, Trace 4) , and then activitv was resumed with extended duration and a very short pause between bursts of activity. Twenty millilitres of saline, given intravenously, stimulated no changes in diaphragm or cricothyroid activity. Twenty millilitres (40 mg) of HCN intravenously stimulated an increase in diaphragmatic and cricithyroid activity simultaneously 0·4 sec after the end of the injection (Figure 5 There is an increase in cricothyroid activity 0·2 sec after the cnd of the injection and one period of diaphragmatic activity was missed. Trace 5: Effects of intravenous injection of 20 ml 0·2% HeN solution after section of both sinus nerves. A simultaneous increase in diaphragmatic and cricothyroid activity was stimulated 0·4 sec after tIle' end of the injection.
IlIlIeslhes;!! 111111 TlltI'IIS;!'" ("lIrc, V"l. T, Vu. J, .Iltgllst, HI,:! ether and HCN solutions were completed in approximately the same time, and therefore the latent periods between start of injection and effect may be regarded as virtually equal for ether and HCN solutions. Comroe (1965) described chemoreceptors in the lung bed; Widdicombe (1954) had described them in the trachea. In some experiments ether vapour administered to the trachea and lungs had stimulated effects with latencies longer than those which would be expected if the receptors were in the lungs. Also, in some experiments, cutting the vagus nerves had not inhibited the effects of ether inhalation. In some experiments ether was shown to stimulate diaphragmatic activity. The receptors outside the pulmonary bed may be in the aortic bodies, carotid bodies, or they may be central receptors. Gabel (1961) described the occurrence of laryngospasm in a horse receiving an ether solution intravenously. Laryngospasm is rarely encountered in the horse, therefore it was decided to see if the effect could be produced in this way in the cat, in which laryngospasm is a common hazard. Then latencies for effects were compared with those after similar injections of HCN with the vagus nerves intact and after they had been cut. It was hoped that in this way effects at the lungs could be differentiated from an effect at the carotid bodies.
DISCUSSION
It was found that although small volumes of 5% ether solution injected intravenously sometimes stimulated cricothyroid spasm and changes in respiratory rhythm, up to 20 ml were required to stimulate this type of activity consistently. Twenty experiments were carried out in which the effects of solutions injected intravenously were studied. In all 20, a 5% ether solution was injected; in 10 cats this was compared with the effects of intravenous HCN.
In the early experiments, with the vagus nerves intact, it was immediately apparent that there was a difference in the effect of intravenous ether compared with that obtained when HCN was injected intravenously. Ether stimulated an increase in cricothyroid activity and apnoea or respiratory rhythm changes, possibly with some other delayed effects; HCN stimulated an increase in diaphragmatic activity identical with that described by Lovatt Evans (1949b) but no cricothyroid activity. In later experiments slight cricothyroid activity was stimulated as well as increased diaphragmatic activity (see Figure 5 ). Latency was 0·6 sec for ether, compared with 6 sec for HCN, but 5 ml of ether was used compared with 1 ml (40 mg) of HCN.
In the first of the two experiments which are recorded in detail, the results followed the same pattern of activity seen in the earlier experiments, in that in every instance except at the first injection the results of HCN injection were observed after a significantly longer latent period than the results of the injection of ether. Either the same receptors were stimulated more quickly by ether, or circulation time to the receptors responding to ether was shorter than that to those responding to HCN. This suggested that ether was acting at Comroe's (1965) "lung-bed receptors" and HCN at the carotid bodies. I t is interesting to note that HCN did stimulate some increase in cricothyroid activity after 6 sec in this cat and that there was a considerable increase in cricothyroid activity after 2 min. This may possibly have been an anoxic effect. After cutting the vagus nerves, intravenous injection of ether produced a similar effect on the diaphragm to that stimulated by an injection of HCN, with a similar latent period. This suggested that ether and HCN were now both stimulating receptors in the carotid bodies. The sinus nerves from the carotid bodies to the glossopharyngeal nerves carry afferent impulses from receptors in the carotid bodies. An attempt to cut the sinus nerves in this experiment failed. Experiment (ii) confirmed that, in the cat with vagus nerves intact, the latent period for stimulation of diaphragm activity by HCN given intravenously was longer than that for stimulation of apnoea and cricothyroid activity by intravenous ether. In this cat the pattern of response to injection of an ether solution changed after cutting the internal branch of the supeIior laryngeal nerves on both sides. The latent period for the effects of ether was now the same as for those of HCN. The lung chemoreceptors may have been desensitized by previous exposure to ether vapour, or ether in the blood reaching the larynx was unable to provoke the reflex because the receptors had been denervated by cutting the internal branch of the superior laryngeal nerves. The effects may now have been the result of carotid body or central nervous system stimulation. In this cat, after cutting the vagus nerves, continuous diaphragmatic activity was stimulated by ether vapour after 21 sec and lasted for 11 sec. This was probably a central effect. Intravenous ether solution also stimulated continuous diaphragmatic activity and some cricothyroid activity after cutting the vagus nerves. This contrasted :32 :'1. A. E. RE X with the results of experiment (i). The effects of an intravenous injection of HCN were unchanged after cutting the vagus nerves. It appears from the results of this experiment that all fibres in the sinus nerves were not cut, as stimulation of diaphragmatic activity by intravenous HCN persisted.
It may be concluded from these experiments that ether probably stimulates effects at the carotid bodies and possibly centrally also. These effects are normally obscured by the reaction to stimulation of receptors at other sites, but they have been observed as biphasic or " abnormal" reactions.
